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HOW DO WE EXPLORE THE SOLAR SYSTEM?
Phased Approach:

e Do What’ s Technically Possible

e Do What’ s Affordable

¢ Do the Easy Missions First (Successfully), Then More Complex
SSE: Missions of Increasing Difficulty & Complexity

e Planetary Fly-by (Initial reconnaissance)

e Planetary Orbiter (Global assessment of surface)

e Planetary Lander: Hard Landers, Then Soft Landers

¢ Planetary Rover: Mobility on Land or in Atmosphere

e Planetary Sample Return: Study Rock/Soil/Air Samples in Lab

e Quter Satellite Orbiter/Lander

e Manned Missions: Orbiting, Landing



SOLAR SYSTEM EXPLORATION 2014

Planet Telescopic Flyby Orbiter Lander Rover Sample Manned
Observation Return Mission
Mercury 1610 Mar10 MES
Venus 1610 Mar2 Ven9 Ven7  Vegi-Bal
Earth Gal
Moon 1610 Luni Lun10  Lun2/9 Lun17 Luni6  Api11-17
Mars 1609 Mar4 Mars2 Vik1 MSL MSR
Asteroids 1801 Gal DAWN NEAR Hayabusa
Comets 1618 Gio Rosetta  Rosetta Stardust
Jupiter 1610 Pio10 Gal Gal-AP - e e
lo 1610 CF:1
Europa 1610 Gal Europa Clipper
Ganymede 1610 Gal JUICE
Callisto 1610 Gal
Saturn 1610 Pio11 Cas - -
Titan 1655 Cas ------- Huy
Enceladus 1787 Cas
Uranus 1781 Voy2 Uranus Orbiter — ----- ———= mmmem emee-
Neptune 1846 Voy2 seeeeee emeee e ———- e
Pluto 1930 NH-2015
Kuiper Belt 1992 NH-20207?

Mar=Mariner (US), MES=MESSENGER (US), BP=Bepi Columbo (ESA), Ven=Venera (USSR), Veg=Vega (USSR), Gal=Galileo
(US), Lun=Luna (USSR), Ap=Apollo (US), Vik=Viking (US), MPF=Mars Pathfinder (US), Gio=Giotto (ESA), Ros=Rosetta (ESA),
Pio=Pioneer (US), Cas=Cassini, Huy=Huygens (ESA), Voy=Voyager (US), NH=New Horizons (US),


















What are they?

<+ Minor planets (protoplanets) w/diameters <500 km
+ Mostly irregularly shaped
<+ Mostly composed of silicate rock, dust & volatiles

- Where are they? Mostly Main Belt

<+ Main Belt found between orbits of Mars & Jupiter
< Lagrange points of Jupiter (Trojan asteroids)
+ Centaurs occur between orbits of Jupiter & Neptune
<+ Near-Earth Asteroids (NEAs) include:
<+ Amor asteroids (1 AU < g < 1.3 AU)
<+ Apollo asteroids (g <1 AU, a> 1 AU)
< Aten asteroids (a < 1 AU)




HEDs: Meteorites from Vesta?

basalt

gabbro

2.5 mm

orthopyroxenite or
harzburgite

regolith breccia

Chemistry of the HEDs

*Dawn’ s GRaND instrument can
distinguish HED whole-rock
compositions
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SIZES OF MAJOR ASTEROIDS VISITED
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Dr. Dave with Framing Camera















First Published Results!

* Six papers, May 11, 2012

iIssue of Science
<+ Vesta as a Protoplanet
+ Vesta’ s Shape and Morphology**
<+ Violent Colisional History of Vesta
+ Recent Giant Impact Basins™*
+ Mineralogy & its Diversity
+ Color and Albedo Variations

* Vesta is the source of HEDs
<+ Compositional varitions consistent
with HED mineralogy
+ Gravity signature shows Vesta has a
core; impacts excavated mantle

 Two large basins confirmed at
south pole

» Surface geology dominated by
Impact-related processes



Recent Papers

* Buczkowski et al., Vesta’ s troughs,
Geophys. Res. Lett., Sep 29, 2012
* Reddy et al., Dark material on Vesta
delivered by CC meteorites, Icarus,
Nov-Dec, 2012
» Two papers, Oct 12, 2012
issue of Science
+ First GRaND results
< Pitted terrain — evidence of volatiles
« Two papers, Nov 1, 2012

issue of Nature

+ Vesta’ s bright & dark material
+ Vesta’ s space weathering

» Several special issues of planetary
science journal now published or Iin
progress



Vesta' s
Geology









Key Geology Results:

* Impact cratering is the dominant geologic process that has modified
Vesta’ s surface

« Vesta’' s extensive steep slopes results in many mass wasting deposits, &
‘bimodal crater’ (sharp rim upslope, subdued rim downslope)

« Any evidence of Vesta’ s ancient volcanism has been destroyed
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Vesta’ s troughs are a tectonic response to impact basin formation


















GLOBAL GRIDDED MAP (64 pixels/degree)

Grid is i=1,23041, j=1,11521 -38.06 km +42.83 km
Latitude=(5761-j)/64 degrees
Longitude=(i-11521)/64 degrees
Data is MSB unsigned short from dn=1,65535. dn=0 represents no data.
Radius in km at i,j is
R(i,j)= 250.00000 - 0.3806459373D+02 + (dn(i,j)-1)*0.1234318295D-02



Vesta Global Geologic Map

Modified from Yingst et al., 2014 (in press)



Vesta Chronostratigraphy & Geologic Time Scale

Williams et al. (in press)

Table 1. Proposed time-stratigraphic scheme for protoplanet Vesta. The correlation of
Vesta’s rock units, time-rock units, and time units is derived from geologic mapping and
other Dawn data analyses (e.g., Jaumann et al., 2012; Buczkowski et al., 2013; Yingst et
al., 2014; Williams et al., 2014).

Rock Unit Time-Rock Unit Time Unit

Marcia Formation: Crater Wall and Ejecta Marcian System Marcian Period
Materials, Mass Wasting Materials, Bright
and Dark Crater Materials, Undifferentiated
Crater Materials, Tholus Material

Rheasilvia Formation: Smooth, Ridged and Rheasilvian System Rheasilvian Period
Grooved, and Mound Terrains, Divalia
Fossae Formation, Undifferentiated Crater
Materials, Tholus Material

Saturnalia Fossae Formation Veneneian System Veneneian Period

Cratered highlands & plains. possibly Pre-Veneneian System Pre-Veneneian Period
Vestalia Terra




Vesta' s
Composition















Olivine Detection
Ammannitto et al., 2013 Nature



ABSORPTIONS BY OH AND PYROXENE



Preliminary GRaND Map of Fe
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Vesta’' s
Gravity
and
Structure

























CONTOUR 03Jul’ 02 Multiple Comet Flybys SRM Failed

Red = Failed Mission






